Abstract
Background
Gastric cancer is the fifth most common cancer worldwide and ranks third cause of cancer related mortality [1] . Almost over half of new diagnosed cases are from eastern Asian, predominantly in China [2] . Gastric cancer is a multifactorial disease with multistep etiology. Epidemiological studies have demonstrated that interaction of environmental factors, such as Helicobacter pylori (H. pylori) infection, excessive salt intake, alcohol drinking and tobacco smoking, and genetic background was regarded as risk of gastric cancer.
For environmental factors, H. pylori causing chronic inflammation has been verified as a key factor involved in gastric carcinogenesis. Moreover, for genetic background, polymorphisms in immune-related genes, such as IL-1B, IL-1RN, IL-10, could affect their expression and were suggested as risk factors of gastric cancer [3, 4] . In addition, we previously reported genetic polymorphisms in the promoter of IL-1B/IL-1RN were the risk of gastric cancer [5, 6] . Of immune-related genes, IL-16 is a pro-inflammatory cytokine that has a variety of biological functions, playing role in the development and homeostasis of the immune system [7] , and stimulating the secretion of tumor-associated inflammatory cytokines including TNF-α, IL-1β, IL-6, and IL-15 [8] . In addition, polymorphisms in IL-16 were investigated to be risk of various cancers, including gastric cancer, and the diagnostic and prognostic value of serum IL-16 levels for patients with gastric cancer was also reported [9] . Transforming growth factor beta-1 (TGF-β1), a multifunctional cytokine, combined it's receptor (TGFBR1) plays biphasic role in carcinogenesis that, in early stages of cancer, it acts as a tumor suppressor by inhibiting cellular proliferation or by promoting cellular differentiation and apoptosis; in later stages of cancer, however, it turns to be a tumor promoter by stimulating angiogenesis and cell motility, suppressing immune response, and increasing progressive invasion and metastasis [10] [11] [12] . Moreover, serum TGF-β1 levels implicating a predictive and prognostic value for patients with gastric cancer [13, 14] may indicate polymorphisms in genes of TGF-β1 pathway including TGFBR1 could influence the risk and clinical progression of gastric cancer [15] [16] [17] . In the progression of H. pylori infection, toll-like receptors (TLRs), a group of membrane-bound receptors proteins, play a pivotal role in innate immune response and provide first line of host defense. Among TLRs, TLR-4 is the main receptor of lipopolysaccharide (LPS) and plays a role in initiating the inflammatory response of H. pylori infection. After binding of microbial ligands, a dysregulation of TLR signalling may contribute to an unbalanced ratio between pro-and anti-inflammatory cytokines, resulting in increasing higher risk of developing gastric cancer [18] . Similarly, polymorphisms in TLR4 has been implicated as risk factors for gastric cancer [18] ; however, the conclusion of susceptibility of these polymorphisms to gastric cancer risk remains elusive [19] [20] [21] .
Immune response triggered by H. pylori infection, including host adaptive immune response (such as IL-1b, TNF-a, IL-10, IL-16) and innate immune response (such as TLR4), is an intricate progression, which is responsible for clinical outcomes of individuals with H. pylori infection. Thus, polymorphisms occurring in immune genes could serves as possible susceptibility factors to the development of gastric cancer and have a predictive value for gastric cancer clinical outcome. Here, we conducted a case-control study to assess the susceptibility of polymorphisms in IL-16, TGFBR1 and TLR4 to risk of gastric cancer in a Chinese population, and the prognostic value of the polymorphisms was also evaluated by a retrospective study.
Materials and methods

Study population
For the case-controls study, we recruited 479 patents histologically diagnosed as gastric cancer and 483 age-and sex-matched healthy controls who came to the hospital for routine physical examination. The demographic features of participants were collected via a questionnaire or by reviewing patients' medical records. The TNM stages were classified according to American Joint Commission for Cancer Staging in 2002 (the sixth edition). For retrospective study, we traced survival state of all patients through on-site interview, direct calling or medical chart review, and finally, a total of 460 patients were followed up to 5 years. The protocol of this study was approved by the Institutional Review Board of the Nanjing First Hospital, and written informed consents were obtained from all participants.
DNA extraction and genotyping
We retrieved the potential genetic variations in IL-16, TGF-BR1 and TLR4 from the National Center for Biotechnology Information dbSNP database (http://www. ncbi.nlm.nih.gov/proje cts/SNP), and then the genetic variations were selected followed the following criteria: (1) the minor allele frequency (MAF) is not less than 5% in Han Chinese population; (2) with position in exons, promoter region, 5′ untranslated regions (UTR) or 3′ UTR; and (3) published results shown to be associated with any cancer risk. For those polymorphisms in intron if meet the criterion (3) were also included. Finally, a total of 11 polymorphisms were selected (Additional file 1: Table S1 ).
The DNA extraction and genotyping was performed as we previously described [22] . A GoldMag-Mini Whole Blood Genomic DNA Purification Kit (GoldMag Co. Ltd. Xi'an, China) was used for DNA extraction, and then the genotyping was performed on the SequenomMassAR-RAY platform.
H. pylori infection detection
To identify the H. pylori infection, the serum of all participants were collected to detect H. pylori antibody by using a H. pylori immunogold testing kit (KangmeiTianhong Biotech Co., Ltd, Beijing, China).
Statistical analysis
The difference of demographic features of the two groups was assessed by t test or χ 2 test. For the distribution of genotypes, a goodness of fit Chi square test was adopted to test the Hardy-Weinberg equilibrium (HWE) in the control group, and then, the susceptibility of polymorphisms to gastric cancer risk was expressed with odds ratios (ORs) and 95% confidence intervals (CIs) . Subgroups analyze was conducted if there was a significant association of the polymorphism to gastric cancer risk. The risk of polymorphisms was calculated by using a logistic regression model based on SAS v9.1 (SAS Institute, Cary, NC, USA). The hazard ratios (HRs) of genotypes to survival time of patients were calculated by Cox regression analysis with SPSS 11.0 (SPSS, Chicago, IL, USA). The p value < 0.05 was considered statistically significant difference.
Result
Characteristics of the study population
The health controls and patients were matched for age (p = 0.748) and gender (p = 0.881). There were significant differences between the two groups with respect to the frequency of H. pylori infection (p = 0.039), cigarette smoking (p < 0.001) and alcohol consumption (p < 0.001), summarized in Additional file 1: Table S2 . The observed frequencies of all tested genotypes in controls did not deviate from HWE (shown in Additional file 1: Table S1 ).
Association between polymorphisms and risk of gastric cancer
Two polymorphisms in TGFBR1 were observed to be potentially associated with risk of gastric cancer. rs10512263 CC genotype was found to be a decreased risk of gastric cancer (CC vs. TT: adjusted OR = 0.54, 95% CI 0.31-0.97, p = 0.039); however, rs334348 GG genotype was associated with increased risk of gastric cancer (GG vs. AA: adjusted OR = 1.51, 95% CI 1.05-2.18, p = 0.028), shown in Table 1 .
Stratified analysis by age, gender, H. pylori infection status, tumor stage and tumor site revealed that the significant association of rs10512263 to risk of gastric cancer was maintained in the subgroup of male, and subgroup of individuals with older age, shown in Table 2 . In the stratification analysis by pathologic characteristics, we observed that the significant association of rs334348 to risk of gastric cancer was maintained in the subgroup of patients with clinical stage T1-T2. In addition, although no significant association was found, aboundary significant of two polymorphisms to risk of gastric cancer was observed in subgroup of clinical stage T1-T2 and in subgroup of non-cardiac, shown in Table 3 .
Association between polymorphisms and clinical outcome
A retrospective study was conducted based on 460 patients with follow-up information on survival period of 5 years. We found that carriers harboring rs1927911 A allele (GA/AA) or rs10512263 C allele (CT/CC) have unfavorable survival time than none carriers (rs1927911: GA/AA vs. GG: adjusted HR = 1.27, 95% CI 1.00-1.63, p = 0.054; rs10512263: CT/CC vs. TT: adjusted HR = 1.29, 95% CI 1.02-1.63, p = 0.031), shown in Table 4 .
The stratified analysis based on the age, gender, tumor site or clinical stage was also performed for the significant polymorphisms, and the result revealed that carriers with rs1927911 A allele have poor survival in subgroup of patients with age younger than 64 years old (GA/AA vs. GG: adjusted HR = 1.64, 95% CI 1.13-2.38), male (GA/ AA vs. GG: adjusted HR = 1.36, 95% CI 1.03-1.81), and non-cardiac gastric cancer (GA/AA vs. GG: adjusted HR = 1.34, 95% CI 1.00-1.80), and that rs1927911 A allele carriers have poor survival in the subgroup of male (CT/CC vs. TT: adjusted HR = 1.43, 95% CI 1.09-1.87), patients in clinical stage T1-T2 (CT/CC vs. TT: adjusted HR = 2.54, 95% CI 1.38-4.69), and non-cardiac gastric cancer (NCGC) (CT/CC vs. TT: adjusted HR = 1.36, 95% CI 1.02-1.80), shown in Table 5 .
To identify the impact of the co-occurrence of rs1927911 and rs10512263 on overall survival, we analyzed the association between locus-locus interaction and overall survival, and the result shown that individuals harboring both two minor alleles (rs1927911GA/AA and rs10512263CT/CC) suffered a significant unfavorable survival (adjusted HR = 1.64, 95% CI 1.17-2.31), shown in Table 6 .
Discussion
This case-control study combined retrospective study observed that two polymorphisms (rs334348, rs10512263) in TGFBR1 were associated with risk of gastric cancer, and that rs1927911and rs10512263 were associated with survival of gastric cancer patients. TGFBR1 rs6478974 is a genetic variation in intron 1, it was previously reported to be associated with microRNAs expression and involved in carcinogenesis [23] . In addition, the significant association of rs6478974 to gastric cancer risk was also reported [15] ; however, in this study, we observed such a significant association in the subgroup of male but for all participants, indicating male carrying rs6478974 polymorphisms have higher gastric cancer risk than female. Another polymorphism rs10512263 locating intron 1 of TGBR1 was observed as a susceptibility of gastric cancer in this study; however, an opposite result was also reported [15] . It is noted that, in the subgroup analysis, we observed that the decreased risk of the polymorphism to gastric cancer was maintained in the subgroup of male, and those with age older than 64 years, suggesting the susceptibility of the polymorphism to gastric cancer risk could be effected by demographic characteristics of participants. Due to the limited sample sized of this study, the significant should be verified by further study. TGFBR1 rs334348 located in the 3′ UTR region, and it was suggested with location in miRNA-628-5p binding site, resulting in GG genotype turn to be associated with lower TGFBR1 expression [24] . In addition, previous study has also reported that it could confer an increased risk of colorectal cancer by affecting TGFBR1 expression [25] .
In the retrospective study, we observed TLR4 rs1927911 and TGFBR1 rs10512263 were associated with clinical outcomes of gastric cancer patients. TLR4 rs1927911 is an intron variation that was previously reported as a protective factor for gastric cancer [26, 27] ; however, we failed to find such a significant association but we observed it was associated with unfavorable OS of gastric cancer patients, especially for male, patients with age younger than 64 years old, or patients with NCGC. To date, the function of rs1927911 remains unclear, we speculated that such a significant association was related the microenvironment of cancer by that TLR4 signaling was involved in drug resistant by inducing the M1 phenotype macrophages [28] and by that TLR4/NF-κB signal pathway mediated uncontrolled inflammation [29] . Moreover, this study observed TGFBR1 rs10512263 has a predictive value for clinical outcomes of gastric cancer patients. Although the function of rs10512263 remains unclear, TGF-β signaling has been suggested to promote gastric cancer progression by enhancing motility and inducing invasiveness of gastric cancer cell [11] , or by promoting tumor vasculature conformation [30] , which could be partly explained for the predictive role of TGFBR1 rs10512263 in gastric cancer patients.
Polymorphisms in three immune related genes was discussed for their susceptibility and predictive role in gastric cancer. Here, some limitations of this study should be noted. Firstly, the function of these polymorphisms is largely unclear, and we failed to assess the association of polymorphism and TGFBR1, TLR4 expression in patients. Instead of that, to perform functional candidate polymorphism and expression quantitative trait locus (eQTL) analyses on the promising genes, we mined the data from the following databases: GTExPortal (https :// www.gtexp ortal .org/home/) and Haploreg (http://www. broad insti tute.org/mamma ls/haplo reg/haplo reg.php), and the results shown that TLR4 rs1927911, TGF-BR1 rs6478974 and rs334348 could affect their corresponding gene expression, and that TGF-BR1 rs10512263 could regulate certain motifs, which were consistent to our results, see Additional file 2: Figures S1 and S2 . Secondly, the sample size of this study was not large enough, which may weaken the statistical power. Thirdly, environmental factors, such as diet, physical exercises, gastric diseases history, and subtype of H. pylori were not included in this study, which may influence the conclusion. Finally, there are number of polymorphisms in the immune related genes, here we selected three of them and some more immune related genes required to be discussed.
Conclusion
We concluded that two polymorphisms (rs334348, rs10512263) in TGF-BR1 were associated with risk of gastric cancer, and that TLR4 rs1927911 and TGFBR1 
